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Universal Clock Generator 


R. Zenzinger 





This universal clock generator is 
implemented using an Atmel 
AT90S2313 microcontroller, so it 
does not require very many 
external components. It is a ver- 
satile clock generator for use in 
pulse generator and timer cir- 
cuits in a lab setting. It provides 
approximately 100 reference fre- 
quencies with ‘crystal accu- 
racy’, and it can be used to 
implement dimmer circuits, 
generate arbitrary pulse wave- 
forms for simulations, as a freely 
settable frequency generator s2 
and much more. Operation and 
adjustment are simple and easy 
to understand. 


As can be seen, all of the micro- 
controller ports are fully used. 
Port lines PC2-PD4, PD6 and 
PB4 have dual functions. This is 
not a problem for a microcon- 
troller as long as the software is 
suitably designed. In this case, 
two BCD switches are read 
using the same inputs. The 
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switches are selected using PB4 
and inverter T1, and they are 
isolated from each other by 
diodes D1-D8. 

The 1-MHz clock signal is also 
output via PB4. During normal 
operation, the 1-MHz output is 
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inactive; only when it is in the 


El BC547 





1-MHz mode does the micro- =æ © 





controller enter a permanent =m 
loop, in which the other func- 

tions are anyhow not used. 

Each of the outputs PB2, PB3 and PB6 is connected to a tran- 
sistor stage, which can be configured using jumpers accord- 
ing to the intended application. The microcontroller outputs 
can be fed out either directly or inverted via the transistor 
stages. Another jumper can be used to connect a pull-up resis- 
tor, which can be connected externally to any desired voltage 
below the maximum specified value for the transistor. With the 
given component values, the output circuits are short-circuit 
proof for transient shorts. 

For some applications, it may be necessary to alter the com- 
ponent values. If necessary, suitable external circuitry can also 
be added. Capacitors C9-C11 are only necessary if it is impor- 
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tant to have extremely steep pulse edges. These capacitors 
accelerate the switch-on response of the transistors and 
reduce the delay time when the transistors switch off. 

The frequency or pulse duty cycle is set using PBO, PB1 and 
PB5. Via PB1, the microcontroller measures the time required 
for capacitor C8 to charge to a threshold level of 2.2 V. Within 
this range, the charging curve of the capacitor is still relatively 
linear. The maximum value is set by R6, and the minimum 
value by R9; these can be modified if desired. For good long- 
term stability, C8 should be a polystyrene type if possible. The 
microcontroller inputs are configured to use internal pull-up 
resistors. 


The following is a summary of the utilisation of the I/O lines: 


PBO, PB1 & PB5 

Analogue signal processing using a simple RC network. The 
comparator in the microcontroller switches when the voltage 
on PBO exceeds the value on PB1. The capacitor is charged and 
discharged under program control via PB5. 


PB2 & PB6 

Clock frequency on complementary outputs, switchable dur- 
ing operation. Approximately 100 fixed frequencies and six 
variable ranges can be selected. The outputs can be used 
directly or buffered and inverted by open-collector drivers. 


PB4 

1-MHz clock output when the fixed-frequency divider switch 
is set to ‘0’ and Reset is pressed. This mode can only be exited 
by pressing Reset, which causes the output to go high and 
instigate the changeover via BCD switch S3. In normal opera- 
tion, the output is low. 


PB7 

Pulse edge marker for each switching transition on PB2 and 
PB6. Pulse width 2 us. This output is active for both fixed and 
variable frequencies. 


PB3 

Pulse width modulator (PWM) output; operates in parallel with 
the frequency outputs (8-bit resolution). One of four PWM clock 
frequencies can be selected using PDO & PD1 (19.6 kHz, 
2.45 kHz, 306.4 Hz or an external clock on PD5). The PWM can 
be adjusted over a range of approximately 0-99.5 percent of 
the supply voltage using an analogue voltage (P1). In the 1- 
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Controls 


FREQUENCY (S2, BCD): selects the basic frequency 
Fixed: 0.1, 1, 10, 100, 1000, 10 000, 50 000 Hz (settings 1-7) 
Variable: 50 000, 10 000, 100, 100, 10, | Hz (settings 9-14) 
The clock generator is stopped (disabled) 

for settings 0, 8, and 15. 


DIVIDER (S3, BCD): divides the basic frequency in |5 steps 
(1:1 to 1:15). The selected division factor only becomes 
effective after Reset or when the FREQUENCY setting is 
changed. If step 0 is selected and Reset is pressed, the |-MHz 
mode is activated. 


PWM MODE (SI, BCD): selects one of four clock 
frequencies. The PWM operates in parallel to the frequency 
outputs. The pulse width can be adjusted using a 
potentiometer or an analogue voltage. 


MHz mode, the PWM continues to operate with its most recent 
setting. Same output options as PB2 and PB6. 


PDO & PD1 

Configuration inputs for selecting the PWM clock frequency 
using DIP switches or a rotary BCD switch. The setting is cap- 
tured on Reset (see Table 1). 


PD2, PD3, PD4 & PD6 

Configuration inputs for fixed-frequency and divider settings 
using two BCD switches. The frequency setting is captured 
immediately following any changes to the input values; the 
divider setting is only captured on Reset, at which time S3 is 
evaluated, following which PB4 switches back to 82. 













































































Fixed frequencies 
Divider (S3) Frequency (S2) (frequency in Hz) 
(0) l 2 3 4 5 6 7 

0 |-MHz mode (activated by Reset) 

l stopped 0.1 | 10 100 1,000 10,000 100,000 
2 stopped 0.05 0.5 5 50 500 5,000 25,000 
3 stopped 0.0333 0.3333 3.333 33.33 333.3 3,333 16,666 
4 stopped 0.025 0.25 2.5 25 250 2,500 12,500 
5 stopped 0.02 0.2 2 20 200 2,000 10,000 
6 stopped 0.0166 0.1666 1.666 16.66 166.6 1,666 8,333 
7 stopped 0.0143 0.143 1.43 14.3 143 1,430 7,143 
8 stopped 0.0125 0.125 1.25 12.5 125 1,250 6,250 
9 stopped 0.0111 0.1111 LILI LILI IILI LIHI 5,555 
A stopped 0.01 0.1 l 10 100 1,000 5,000 
B stopped 0.0091 0.091 0.91 9.1 9l 910 4,545 
C stopped 0.00833 0.0833 0.833 8.33 83.3 833 4,166 
D stopped 0.0077 0.077 0.77 7.7 77 770 3,846 
E stopped 0.00714 0.0714 0.714 7.14 71.4 714 3,571 
F stopped 0.00666 0.0666 0.666 6.66 66.6 666 3,333 

(Values rounded to |% as necessary) 
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Variable frequencies 
8 stopped 
196 — 50,000 
39 — 10,000 
3.9 — 1,000 
0.39 — 100 
0.039 — 10 
0.0039 — | 

F stopped (free) 





























Frequency range resolution: 8 bits (255 steps) 








Pulse width modulator (PWM) 























PWM clock 
external (PD5) 
| | 0 19.6 kHz 
2 | 2.45 kHz 
0 306.4 Hz 
PD5 


External PWM clock frequency. If Reset is pressed when 
S1 = 0, the PWM is switched to the external clock frequency. 


The circuit can be powered by a small (mains adapter) power 
supply providing an output voltage of 8-12 V. On the circuit 





board, a fixed voltage regulator converts the supply voltage to 
a stabilised 5-V level. D1 protects the circuit against reverse- 
polarity connection of the power supply. Decoupling capaci- 
tors should be soldered to the circuit board as close as possi- 
ble to the supply pins of the microcontroller. The reset switch 
is debounced using an RC network. The crystal must have a 
frequency of 10 MHz, since all of the calculations in the soft- 
ware are based on this value. It should be located as close as 
possible to the microcontroller, along with the associated 
capacitors. 

The pushbutton switch and BCD switches are also fitted to the 
PCB. It is a practical idea to use IC sockets to fit the BCD 
switches. This allows the switches to be fitted external to the 
PCB if necessary and connected using cables and plugs. 

The provisions of the EMC Directive should generally be 
observed in the construction of the generator. After all, here 
you are working with a fast microcontroller with a 10-MHz 
clock frequency. The decoupling capacitors directly connected 
to the microcontroller crystal should be located as close as 
possible to the microcontroller, and the pertinent capacitors 
should be connected directly to ground. It is recommended to 
have the largest possible ground plane or a gridded ground 
reference plane, use short or screened wiring and use free- 
wheeling diodes with inductive loads. 

(020395-1) 


The microcontroller software, including the source code, is available 


on diskette from Readers Services under order number 020395-1 | 
or free of charge via the Elektor Electronics website. 


